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ABSTRACT 
 
 
Materials used to fabricate the bipolar plates for Polymer Electrolyte Membrane Fuel Cell 
(PEMFC) need to have a good set of criteria such as light, strong, low-cost, easily 
fabricated, mechanically stable, and have low surface contact resistance. Additionally, 
PEMFC‟s performance is much influenced by the materials used, type of flow channel 
design and shape to be fabricated on the bipolar plate surface. In this study, the fabrication 
of flow channel through hot compression molding method is developed. All materials used 
were in powder form, which are Graphite (G), Carbon black (CB) and Ferum (Fe) as fillers 
and the Polypropylene (PP) that acts as binder. The ratio of fillers (G/CB/Fe) and binder 
(PP) was fixed at 80:20. The fillers ratio was fixed in the range of (25 up to 65 wt%) G, (10 
up to 30 wt%) CB and (5 up to 25 wt%) Fe and all fillers were mixed by using the ball mill 
machine. The second stage of mixing process is between the mixer of fillers and binder, 
which was mixed by using internal mixer machine. Subsequently, the compaction process 
through hot compression molding is done to produce G/CB/Fe/PP composite. Then, the in-
plane electrical conductivity and mechanical properties such as flexure strength, bulk 
density and shore hardness is measure. Based on electrical conductivity, flexure strength, 
bulk density and shore hardness, sample with 15 wt% of Fe, has shown as the best result 
that is 137.39 S/cm3, 34.04 MPa, 1.582 g/cm3, 53.14 respectively. During hot compression 
molding process, at the same time the flow channel of serpentine type, cooling channel and 
the shapes of U or V shapes is pressed on the surface of the sample of bipolar plate. Thus, 
flow channel was investigated for accuracy of surface condition of flow channel 
dimensions (used coordinate measurement machine) and subsequently, compared with the 
actual drawings and it‟s process ability. Meanwhile based on the analysis of flow channel 
dimensions (width, depth, rib, angle draft), the V shape is shown to give a smooth surface, 
with the dimensions difference between samples and drawing of about 0.118 up to 0.27%. 
While for the process ability, the V shape is much easier to release from the mold. As a 
summary, this study revealed that the flow channel dimensions (width, depth, rib, angle 
draft) and coling channel with V shape can be fabricated through hot compression molding 
method with high accuracy.  
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ABSTRAK 
 
 
Secara umum, bahan yang digunakan untuk fabrikasi plat dwikutub Polymer Electrolyte 
Membrane Fuel Cell (PEMFC) hendaklah mempunyai kos yang rendah, mudah direka, 
ringan, kuat, mekanikal stabil, dan mempunyai rintangan sentuhan permukaan yang 
rendah. Selain itu, prestasi PEMFC ini banyak dipengaruhi oleh bahan-bahan yang 
digunakan, jenis reka bentuk saluran aliran dan bentuk yang akan dibina di atas 
permukaan plat bipolar. Dalam kajian ini, pembuatan saluran aliran melalui kaedah 
pengacuan mampatan panas. Semua bahan-bahan yang digunakan adalah dalam bentuk 
serbuk, Grafit (G), Karbon hitam (CB) dan Ferum (Fe) sebagai pengisi dan Polypropylene 
(PP) yang bertindak sebagai pengikat. Nisbah pengisi (G/CB/Fe) dan pengikat (PP) telah 
ditetapkan pada 80:20. Nisbah pengisi telah ditetapkan dalam julat (25 sehingga 65% 
berat) G, (10 sehingga 30% berat) CB dan (5 sehingga 25% berat) Fe dan semua pengisi 
diaduk dengan menggunakan mesin kempa bola. Peringkat kedua proses pencampuran 
adalah antara campuran pengisi dan pengikat, yang diaduk dengan menggunakan mesin 
pengadun dalaman. Selepas itu, proses pemadatan melalui pengacuan mampatan panas 
dilakukan untuk menghasilkan G/CB/Fe/PP komposit. Kemudian, kekonduksian dalam 
satah elektrik dan sifat-sifat mekanikal seperti kekuatan lenturan, ketumpatan pukal dan 
kekerasan diukur. Berdasarkan kekonduksian elektrik, kekuatan lenturan, ketumpatan dan 
kekerasan, sampel 15% Fe telah menunjukkan hasil yang terbaik iaitu 137.39 S/cm, 
34.04MPa, 1.582 g/cm
3
, 53.14 masing-masing. Semasa proses pengacuan mampatan, pada 
masa yang sama saluran aliran jenis serpentine dipilih, saluran penyejukan bentuk U atau 
bentuk V ditekan pada permukaan sampel plat dwikutub. Oleh itu, saluran aliran telah 
dikenalpasti ketepatan permukaan dimensi saluran aliran (menggunakan mesin koordinat 
pengukuran) dan kemudiannya, dibanding dengan lukisan sebenar untuk mengetahui 
keupayaan proses. Sementara itu berdasarkan analisis dimensi saluran aliran (lebar, 
kedalaman, tulang rusuk, sudut draf), bentuk V ditunjukkan untuk memberikan permukaan 
yang licin, dengan perbezaan dimensi antara sampel dan lukisan kira-kira 0.118 sehingga 
0.27%. Manakala bagi keupayaan proses, bentuk V adalah lebih mudah untuk melepaskan 
dari acuan. Sebagai ringkasan, kajian ini mendedahkan bahawa saluran aliran (Lebar, 
kedalaman, tulang rusuk, sudut draf) dan penyejukan saliran dengan V bentuk boleh direka 
melalui kaedah pengacuan mampatan panas dengan ketepatan yang tinggi.   
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background 
  The Proton Exchange Membrane Fuel Cell (PEMFC) is a zero production control 
source, which has high proficiency, low temperature operation, and high power density. 
Bipolar Plate is one of the crucial piece of PEMFC which supplies hydrogen (reactant) and 
oxygen (oxidant) to responsive region, evacuate water, gather delivered momentum and 
gives mechanical support to Membrane Electrode Assembly (MEA) in power device stack 
(Aiyejina et al., 2012). Bipolar plate serves as one of the main components in PEMFC. It 
serves many functions such as connecting cells, separating reactants and oxidants in 
adjoining cells, providing mechanical strength to the fuel cell and housing the flow channel 
for the pathways of gases. (Heinzel, et al, 2009) 
The fuel cell performance heavily depends on the design of the fuel stack and 
choice of materials. The components of the fuel stack such as the catalyst, gas diffusion 
layer (GDL), Membrane Electrode Assembly (MEA) and bipolar plates affect the 
performance of the fuel cell (Antunes et al., 2011). Developing and producing these 
components consume time. Additionally, they are expensive. Thus, using other variation 
such as stack compression, flow channel geometry, manifold design and operating protocol 
give better result as compared to varying the main components (Kim etal., 2007).   
